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PRELIMINARY AMENDMENT 

Box PCT November 30, 2001 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please enter the following amendments to the specification and claims, as 
amended by way of Annexes to the International Preliminary Examination 
Report for PCT/DE00/01510, prior to the examination of the application during 
the U.S. National Phase. 

IN THE SPECIFICATION: 



Please amend the specification as follows: (A copy of a marked up 
version with markings to show changes made is attached hereto.) 



Page 1, after the title insert the following heading and paragraph: 



BACKGROUND AND SUMMARY OF THE INVENTION 



This application claims the priority of PCT International Application No. 
PCT/DE00/01510, filed 12 May 2000 and German patent document No. 199 24 
906.7 filed 31 May 1999, the disclosure of which is expressly incorporated by 
reference herein. 

Page 1, please amend the paragraph which appears after the above 
insertion as follows: 

The present invention relates to a semiconducting gas sensor,, and to a 
method of gas analysis using a semiconducting gas sensor. 

Page 4, please amend the second full paragraph as follows: 

It is thus one object of the present invention to create a semiconducting 
gas sensor and a gas sensor arrangement that is suitable for analyzing a gas or 
gas mixture comprising a number of components, such as, for example, ozone and 
that can be produced simply and cost-effectively. Furthermore, a method of gas 
analysis is to be provided, which will enable the analysis of a gas or gas mixture 
comprising a number of components via semiconducting sensors. 

Page 4, please delete the third full paragraph. 
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Please amend the paragraph bridging pages 4 and 5 as follows: 

This and other objects and advantages are achieved by the semiconducting 
gas sensor according to the invention, which comprises a gas-sensitive layer, 
whose electrical conductivity can be altered via contact with a gas, a heating 
apparatus for heating the layer to a defined measuring temperature, contact 
electrodes for measuring the electrical resistance or the electrical conductivity of 
the gas -sensitive layer, and a chamber in which the gas sensitive layer is 
positioned. The chamber can be sealed from the outside; and the volume of the 
chamber is small enough that at least one component of the gas or gas mixture is 
largely exhausted via conversion, within a predetermined measuring interval, for 
example on the gas-sensitive layer. 

Page 9, delete the first full paragraph and insert the following paragraph 
and heading: 

Other objects, advantages and novel features of the present invention will 
become apparent from the following detailed description of the invention when 
considered in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Page 10, after the sixth full paragraph insert the following heading: 



DETAILED DESCRIPTION OF THE DRAWINGS 



IN THE CLAIMS : 



Please cancel all of the claims presently in the application and substitute 
new claims 21 - 46 as follows: 

21. (new) Semiconducting gas sensor comprising: 

a gas-sensitive layer whose electrical conductivity can be varied by 
contact with a gas; 

a heater for heating the layer to a predefined measuring 

temperature; 

contact electrodes for measuring the electrical resistance or the 
conductivity of the gas-sensitive layer; and 

a chamber in which the gas-sensitive layer is arranged; wherein, 

a valve arrangement is provided to seal the chamber from the 
outside and keep it closed during the measurement process, whereby during 
measurement a limited supply of individual gases in the chamber is at least 
partially converted; and 
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volume of the chamber is such that at least one component of a 
limited gas store within the chamber is substantially exhausted via conversion 
within a predetermined measuring interval. 

22. (new) The semiconducting gas sensor in accordance with Claim 21, 
further comprising a device for regulating heating of the gas-sensitive layer in 
stages whereby individual components of the gas can be selectively converted at 
predetermined measuring temperatures. 

23. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the gas sensor is produced using micromechanical technology. 

24. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the heater is a platinum heating resistor which is arranged in a 
meandering pattern. 

25. (new) The semiconducting gas sensor in accordance with Claim 21, 
further comprising a passivating layer that is positioned between the heater and 
the gas-sensitive layer, and is made of Si02. 

26. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the contact electrodes are made of platinum. 
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27. (new) The semiconducting gas sensor in accordance with Claim 21, 
further comprising a silicon substrate as a carrier, and a nitride membrane, 
which separates the heater from the carrier. 

28. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the gas-sensitive layer is made of a material selected from the group 
consisting of SnCb, WO3, titanium oxide, and organic materials. 

29. (new) The semiconducting gas sensor in accordance with Claim 28, 
wherein the organic materials comprise phthallocyanine. 

30. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the gas sensor is configured for measuring concentrations of CO, NO2, 
NO, and/or O3. 

31. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the chamber is made of silicon. 

32. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the chamber volume measures no more than 0.05 to 10 cm 3 . 

33. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the chamber volume measures no more than 0.03 to 0.7 cm 3 . 
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34. (new) The semiconducting gas sensor in accordance with Claim 21, 
wherein the chamber volume measures no more than 0.5 cm 3 . 

35. (new) A gas sensor system comprising: 

a plurality of semiconducting gas sensors in accordance with Claim 

21; and 

O lines for the inlet and outlet of gas via a valve arrangement of 

2j controllable valves. 

r ^ 36. (new) The gas sensor system in accordance with Claim 35, wherein 

% the semiconducting gas sensors are arranged in a parallel connection. 

'is?™? 

Tu 37. (new) The gas sensor system in accordance with Claim 35, wherein 

the valves are controllable individually. 

38. (new) A method of gas analysis using a semiconducting gas sensor, 
comprising: 

providing a semiconducting gas sensor with a gas-sensitive layer; 

placing said gas sensor in contact with a gas or gas mixture that is 
to be analyzed; 
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heating the gas-sensitive layer; and 

analyzing a measuring signal that is a function of the electrical 
conductivity of the gas-sensitive layer; wherein, 

the semiconducting gas sensor is provided in a sealable chamber; 

the chamber is filled with the gas or gas mixture that is to be 
analyzed, and is sealed; 

the gas-sensitive layer is held at a predetermined measuring 

temperature; 

the measuring signal is examined when at lest one component of the 
gas has been exhausted via conversion within the chamber, to a point at which it 
no longer supplies any significant contribution to the measuring signal; and 

a content of at least one remaining gas component is determined 
from the remaining measuring signal. 

39. (new) The method in accordance with Claim 38, wherein: 

the measuring signal is examined as a function of time; and 
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the measurement is used at least two different times to determine 
the gas components. 

40. (new) The method in accordance with Claim 38, wherein the 
concentration of at least one gas component is determined from a maximum peak 
of the measuring signal and a subsequent drop thereof. 

41. (new) The method in accordance with Claim 38, wherein the 
measuring temperature lies within a range of 20°C to 550°C. 

42. (new) The method in accordance with Claim 38, wherein the 
measuring temperature lies within a range of 50°C to 400°C. 

43. (new) The method in accordance with Claim 38, wherein the 
measuring temperature lies within a range of approximately 200°C and 400°C. 

44. (new) The method in accordance with Claim 38, wherein: 

heating is gradual; and 

measurements are taken at different measuring temperatures. 



45. (new) The method in accordance with Claim 38, wherein said gas 
sensor comprises a gas sensor according to Claim 21. 

46. (new) The method in accordance with Claim 38, wherein said gas 
sensor comprises a gas sensor system according to Claim 36. 

IN THE ABSTRACT : 

Please substitute the new Abstract of the Disclosure submitted herewith 
on a separate page for the original Abstract presently in the application. (A copy 
of a marked up version with markings to show changes made is also 
attached hereto.) 

(Applicant's Remarks are set forth hereinbelow, starting on the 
following page.) 
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REMARKS 



Entry of the amendments to the specification and claims, as amended by 
way of Annexes to the International Preliminary Examination Report for 
PCT/DEOO/01510, before examination of the application in the U.S. National 
Phase is respectfully requested. 

If there are any questions regarding this amendment or the application in 
general, a telephone call to the undersigned would be appreciated since this 
should expedite the prosecution of the application for all concerned. 

If necessary to effect a timely response, this paper should be considered as 
a petition for an Extension of Time sufficient to effect a timely response, and 
please charge any deficiency in fees or credit any overpayments to Deposit 



CROWELL & MORING, LLP 
Intellectual Property Group 
P.O. Box 14300 
Washington, DC 20044-4300 
Telephone No.: (202) 624-2500 
Facsimile No.: (202) 628-8844 
GRE:kms 
(CAM 56226.183) 



Account No. 05-1323 (Docket #420/50547). 



Respectfully submitted, 




Gary R. jfidwards 
Registration No. 31,824 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE TO THE 

SPECIFICATION 



Please amend the specification as follows: 

Page 1, please amend the paragraph which appears after the above 
insertion as follows: 

The present invention relates to a semiconducting gas sensor a [in 
accordance with the preamble of Patent Claim 1, a gas sensor system,] and to a 
method of gas analysis using a semiconducting gas sensor. 

Page 4, please amend the second full paragraph as follows: 

It is thus [the] one object of the present invention to create a 
semiconducting gas sensor and a gas sensor arrangement that is suitable for 
analyzing a gas or gas mixture comprising a number of components, such as, for 
example, ozone and that can be produced simply and cost-effectively. 
Furthermore, a method of gas analysis is to be provided, which will enable the 
analysis of a gas or gas mixture comprising a number of components via 
semiconducting sensors. 

Please amend the paragraph bridging pages 4 and 5 as follows: 
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This and other objects and advantages are achieved by the [The] 
semiconducting gas sensor [specified in] according to the inventio n, which 
comprises a gas-sensitive layer, whose electrical conductivity can be altered via 
contact with a gas, a heating apparatus for heating the layer to a defined 
measuring temperature, contact electrodes for measuring the electrical 
resistance or the electrical conductivity of the gas-sensitive layer, and a chamber 
in which the gas sensitive layer is positioned . The [, wherein the] chamber can 
be sealed from the outside;[,] and [wherein] the volume of the chamber is small 
O enough that at least one component of the gas or gas mixture is largely 

;j exhausted via conversion, within a predetermined measuring interval, for 

example on the gas-sensitive layer, 

s y 
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ABSTRACT OF THE DISCLOSURE (AMENDED) 



A semiconducting gas sensor [(10) with] includes a gas-sensitive layer 
[(5)], a heater [(3)] for heating the layer to a defined measuring temperature, and 
contact electrodes [(6a, 6b)] for measuring the electrical resistance of the gas- 
sensitive layer [(5)] enclosed within a microchamber [(7)], in which the gas- 
sensitive layer [(5)] is arranged. The chamber can be sealed from the outside, 
and is constructed so that the chamber volume is small enough to allow at least 
one component of the gas or gas mixture that is to be analyzed to be at least 
largely exhausted via conversion on the gas-sensitive layer, within a 
predetermined measuring interval. With the limited gas store and the 
conversion of a component of the gas during the measurement process, gases or 
gas mixtures comprising several components can be analyzed. In this, the 
measuring signal is reexamined following the conversion of at least one 
component. Within the chamber, several sensor elements may be arranged with 
gas-sensitive layers, and may be operated at different temperatures. One gas 
sensor system, for example, is comprised of at least two semiconducting gas 
sensors having microchambers [(7)], which are arranged within a system of gas 
lines and valves, and can be filled individually. 
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ABSTRACT OF THE DISCLOSURE 



A semiconducting gas sensor includes a gas-sensitive layer, a heater for 
heating the layer to a defined measuring temperature, and contact electrodes for 
measuring the electrical resistance of the gas-sensitive layer enclosed within a 
microchamber, in which the gas-sensitive layer is arranged. The chamber can be 
sealed from the outside, and is constructed so that the chamber volume is small 
enough to allow at least one component of the gas or gas mixture that is to be 
analyzed to be at least largely exhausted via conversion on the gas-sensitive 
layer, within a predetermined measuring interval. With the limited gas store 
and the conversion of a component of the gas during the measurement process, 
gases or gas mixtures comprising several components can be analyzed. In this, 
the measuring signal is reexamined following the conversion of at least one 
component. Within the chamber, several sensor elements may be arranged with 
gas-sensitive layers, and may be operated at different temperatures. One gas 
sensor system, for example, is comprised of at least two semiconducting gas 
sensors having microchamber s, which are arranged within a system of gas lines 
and valves, and can be filled individually. 
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Translation of PCT 
International Application PCT/DE00/01510 
Attorney Docket No. 420/50547 



po /r ^on - f p p 

P609091/WO/1 ^ ' 

Semiconducting Gas Sensor, GasS^^ 
. — — — — — — - - " Tla^ ^al ysTs 

The present invention relates to a semiconducting gas sensor 
in accordance with the preamble of Patent Claim 1, a gas 
sensor system, and a method of gas analysis using a 
semiconducting gas sensor. 

In some fields, gas analysis is of great importance. For 
example, in the combustion of fossil fuels, carbon monoxide 
and nitrous oxides or N0 X/ are produced, which may then be 
converted to 0 3 . The damage to the environment caused by these 
substances is considerable. For this reason it is highly 
imperative that exhaust gases produced by internal combustion 
engines be analyzed, with an eye to reducing their emission of 
pollutants . 

One possibility for gas analysis is presented by 
semiconducting gas sensors, in which a gas-sensitive metallic 
oxide layer, such as Sn0 2 , is brought to a specific measuring 
temperature. By measuring the electrical resistance of the 
gas-sensitive layer at a specific temperature, the gas 
concentrations, for example of CO, NO x or 0 3 , can be 
determined. 
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Translation ofPCT 
International Application PCT/DE00/01510 
Attorney Docket No. 420/50547 

The article by B. Ruhland, et al . , "Gas-Kinetic Interactions 
of Nitrous Oxides with Sn0 2 Surfaces", Sensors and Actuators B 
50 (1998) pp 85-94, discusses a semiconducting gas sensor of 
this type. In this known gas sensor, a thin layer of Sn0 2 is 
placed on a heating structure. An Si0 2 layer separates a 
heating element from the gas-sensitive Sn0 2 layer. The heating 
structure with the gas -sensitive layer is arranged on a Si 3 N 4 
membrane, which is then placed over a silicon substrate. In 
the measurement process, the gas that is to be analyzed flows 
over the sensor element. The bombardment with the gas 
components to be analyzed can also be accomplished via 
diffusion. 

In the measurement of gases comprising several components, the 
problem arises that the effects of the individual gas 
components may become superimposed in the measuring signal. 
For example, at a measuring temperature of 4 0 0° C, a 
bombardment of the gas -sensitive layer with CO or NO leads to 
a reduction in the electrical resistance of the gas-sensitive 
layer, while a bombardment with N0 2 at this temperature results 
in an increase in electrical resistance. Furthermore, the 
contact between the gas -sensitive layer and ozone results in 
increased resistance. For this reason, the individual 

concentrations in the gas mixture frequently cannot be 
precisely determined. 



Translation of PCT 
International Application PCT7DE00/015 10 
Attorney Docket No. 420/50547 

One possibility for solving this problem consists in providing 
an arrangement comprising several sensors having different 
measuring temperatures. While a considerable degree of N0 2 
sensitivity is present even at relatively low temperatures of 
150° C to 250° C, a suitable measuring temperature for CO, for 
example, lies between 350° C and 450° C. The arrangement with 
the whole sensor array, however, is expensive, and thus 
associated with relatively high costs. 

Another approach to solving the problem involves obtaining 
comparative sets of data for defined individual gases and gas 
mixtures at various temperatures via experimentation. To this 
end, the above-mentioned publication provides for a 
bombardment of several sensor elements with individual gas 
components at defined concentrations, in order to determine 
the behavior of electrical resistance, as a function of 
temperature. With the resistance behavior determined in this 
manner, it is then possible to analyze a gas mixture 
comprised, for example, of CO and N0 2 using two sensors, 
wherein one sensor is operated at 200° C and one sensor is 
operated at 4 0 0° C. One disadvantage of this process is that 
it allows only very simple gas mixtures to be analyzed. 
Furthermore, interactions between the gases are not taken into 
account . 
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Translation ofPCT 
International Application PCT/DE00/015 10 
Attorney Docket No. 420/50547 

t_ 

In addition, the high 0 3 sensitivity disrupts the measurement 
process significantly. In many cases, the ozone sensitivity 
outweighs all other effects . For example , with ozone 

concentrations that are higher than 10 0 ppb the measuring 
signal can be interpreted only as an ozone signal. 

It is thus the object of the present invention to create a 
semiconducting gas sensor and a gas sensor arrangement that is 
suitable for analyzing a gas or gas mixture comprising a 
number of components, such as, for example, ozone and that can 
be produced simply and cost-effectively. Furthermore, a 
method of gas analysis is to be provided, which will enable 
the analysis of a gas or gas mixture comprising a number of 
components via semiconducting sensors. 

This object is attained via the semiconducting gas sensor 
specified in Patent Claim 1, the gas sensor system specified 
in Patent Claim 12, and the method of gas analysis specified 
in Patent Claim 15. Further advantageous characterizing 
features, aspects, and details of the invention are provided 
in the dependent claims, the description, and the drawings. 

The semiconducting gas sensor specified in the invention 
comprises a gas-sensitive layer, whose electrical conductivity 
can be altered via contact with a gas, a heating apparatus for 
heating the layer to a defined measuring temperature, contact 
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Translation ofPCT 
International Application PCTVDE00/015 10 
Attorney Docket No. 420/50547 

electrodes for measuring the electrical resistance or the 
electrical conductivity of the gas-sensitive layer, and a 
chamber in which the gas sensitive layer is positioned, 
wherein the chamber can be sealed from the outside, and 
wherein the volume of the chamber is small enough that at 
least one component of the gas or gas mixture is largely 
exhausted via conversion, within a predetermined measuring 
interval, for example on the gas-sensitive layer. 

In this manner, the disruptive effects of ozone on the 
measurement process can be eliminated. 

With the small chamber volume, individual components of the 
gas become converted during the measuring process, so that 
they do not contribute, or contribute only slightly, to the 
measuring signal. The remaining measuring signal is then no 
longer superimposed by the effects of the gas components that 
have already been converted, allowing the concentrations of 
the remaining components to be more easily determined. With 
the invention it is possible to determine the concentrations 
of different gas components in a gas mixture, without 
requiring a multitude of sensors operating at different 
temperatures, which require costly evaluation. In addition, 
the gas analysis can be accomplished within a relatively short 
period of time, with the chamber volume being dependent upon 
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Translation ofPCT 
International Application PCT/DEOO/015 10 
Attorney Docket No. 420/50547 



the type of gas to be analyzed and the desired duration of the 
measuring interval . 

Advantageously, the semiconducting gas sensor comprises a 
regulating device that enables the heating of the gas- 
sensitive layer in stages, thus allowing individual components 
of the gas mixture to be selectively converted at 
predetermined measuring temperatures. Preferably, the 

semiconducting gas sensor is produced using micromechanical 
technology, for example via Si technology. This enables a 
simple, cost-effective production, and a standard 
implementation of the sensor. 

A platinum heating resistor, arranged in a meandering pattern, 
is preferably used as the heating device • The contact 
electrodes are preferably also made of platinum. This serves 
to produce increased temperature stability, while preventing 
mutual interference between the electrodes and the resistance 
material . 

Advantageously, a passivating layer, comprised, for example, 
of SiC>2/ is positioned between the heater and the gas-sensitive 
layer and serves as an insulator. Specifically, a silicon 
substrate may be provided as the supporting material, along 
with a nitride membrane, which separates the heater from the 
substrate . 
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Translation of PCT 
International Application PCTYDEOO/015 10 
Attorney Docket No. 420/50547 



s 



The gas -sensitive layer is preferably comprised of Sn0 2/ 
however it can also be made of other metallic oxides such as 
W0 3 and titanium oxide, or of organic materials such a 
phthallocyanine . 



The semiconducting gas sensor is preferably designed to be 
suitable for measuring concentrations of CO, N0 2 , NO, and/or 
0 3 . The chamber is preferably a microchamber made, for 
example, of silicon. The chamber volume advantageously 
measures approx. 10 to 500 |al, preferably 10 to 100 pi, and 
most preferably approx. 4 0 pi. 

In accordance with a further aspect of the invention, a gas 
sensor system is provided, which comprises several 
semiconducting gas sensors as specified in the invention, 
along with an arrangement of regulated valves and lines for 
the inlet and outlet of gas. In this manner, it is possible 
to create redundancies, and to cost-effectively increase the 
lifespan of the system. In addition, a multitude of gas 

sensors may be used individually, allowing an improvement in 
measuring quality or precision to be achieved. Preferably, 
the semiconducting gas sensors are arranged in a parallel 
connection, wherein the valves may be controlled individually. 
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Translation of PCT 
International Application PC17DE00/01510 
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In accordance with a further aspect of the invention, a method 
of gas analysis using a semiconducting gas sensor is provided, 
which comprises the following steps: preparing a 

semiconducting gas sensor with a gas-sensitive layer in a 
sealable chamber; filling the chamber with a gas or gas 
mixture that is to be analyzed, and sealing the chamber; 
heating the gas-sensitive layer to a predetermined measuring 
temperature, and examining a measuring signal that is 
dependent, for example, upon the electrical conductivity or 
the ohmic resistance of the gas -sensitive layer, at a moment 
of measurement in which at least one gas component has been 
exhausted via conversion within the chamber so that it does 
not contribute, or contributes relatively slightly, to the 
measuring signal; and determining of the content of at least 
one remaining gas component from the remaining measuring 
signal . 

With this process, gases or gas mixtures comprising several 
components, including ozone, may be easily analyzed, while the 
cost remains low, and the evaluation process implemented can 
be simple. 

Advantageously, the measuring signal is used at least two 
different times during the measurement process to determine 
the components of the gas. For example, from the peak of the 
measuring signal and its subsequent decrease, the 
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concentration of at least one component of the gas can be 
determined. Advantageously, the measuring temperature lies 
within a range of approx. 20° C to 550° C, preferably within a 
range of approx. 50° C to 400° C, and most preferably within a 
range of approx. 2 0 0° C to 4 00° C. Therein, the heating 
process may be implemented gradually or in stages, with 
measurements being taken at different temperature stages. 
Most preferably, a semiconducting gas sensor as specified in 
the invention and/or a gas sensor system as specified in the 
invention are used in this process. 

The invention will be described below by way of example using 
the attached figures, wherein 

Figure 1 shows a schematic illustration of a cross-section of 
a semiconducting gas sensor as specified in the invention; 

Figures 2a and b depict the reaction mechanisms for CO and NO 
on the gas -sensitive layer at 4 0 0° C; 

Figures 3a, b, and c depict various reaction mechanisms for N0 2 
at a temperature of 2 0 0° C or 4 00° C; 

Figure 4 depicts the sensor signal for an ozone measurement; 
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Figure 5 depicts the sensor signal for an N0 2 measurement; 



2 



Figure 6 depicts the sensor signal for both a pure NO 
measurement, and a measurement of 0 3/ also in a gas mixture of 
N0 2 and 0 3 ; 



Figure 7 depicts the sensor sensitivity as a function of the 
concentrations of various gases; 

Figure 8 depicts the measuring signal for a gas in which 
nitrous oxide and 0 3 molecules are presents- 
Figure 9 shows an illustration in principle of the gas sensor 
system specified in the invention; and 

Figure 10 depicts the conversion rate of ozone under no- flow 
conditions as a function of various ozone concentrations. 

Figure 1 depicts a gas sensor 10 as specified in the 
invention. On a wafer or silicon substrate 1, which serves as 
the carrier, a nitride 

membrane 2 is positioned as a passivating layer. The nitride 
membrane 2 serves as an etch stop in the production of the 
wafer. On top of the membrane 2 is a heater 3 formed by a 
platinum heating resistor. The platinum heating resistor is 
arranged in a meandering pattern on top of the membrane 2, and 
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is operated at a voltage of up to approx. 5 volts. The 
platinum heating resistor or heater 3 possesses a high level 
of temperature stability, hence the amount of sensor drift 
experienced is quite low. On top of the heater 3, a 
passivating layer 4 is positioned, which serves as an 
insulator and is made of Si0 2 - This provides the advantage of 
a simple and precise method of production, which is also cost- 
effective. On top of the passivating layer 4 is the gas- 
sensitive layer 5 made of Sn0 2 . Contact electrodes 6a and 6b 
are also arranged on the passivating layer 4, for the purpose 
of determining the electrical resistance of the gas-sensitive 
layer 5. The sensor element constructed in this manner is 
positioned within a chamber 7, which can be sealed from the 
outside via valves 8a and 8b. The chamber 7 is small enough 
that gas components are converted within the chamber during 
the measuring process, and, after a predetermined measuring 
interval, no longer contribute to the measuring signal, or 
contribute only insignificantly. 

In the present case, the chamber 7 is designed as a 
microchamber, wherein the chamber volume is approx. 0.5 cm 3 . 
Depending upon the purpose of the measurement or upon the gas 
to be analyzed, substantially smaller chamber volumes are also 
possible, for example within the range of approx. 0.05 cm 3 . 
Chambers this small can be produced very effectively using 
microtechnology . During the measuring process, so-called "no 
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flow" conditions prevail within the chamber, in other words 
only a limited store of individual gases is present, which are 
at least partially converted. Via the valves 8a, b and gas 
lines 9, the chamber 7 can be filled, and sealed from the 
outside when measurement begins. This serves to prevent any 
subsequent diffusion of gas components, such as may occur, for 
example, with macroscopic gas volumes. The chamber 7 may also 
possess a larger volume of up to a few 100 jul . However, a 
volume that is between 10 and 100 jul is especially 
advantageous. In the preferred embodiment/ the chamber is 
made of silicon. 

Since the volume of the chamber is dependent upon the specific 
measuring purpose, the size of the chamber 7 must be designed 
and constructed accordingly. For example, the volume of the 
chamber 7 must be designed such that the gas will be allowed 
to diffuse over a predetermined measuring interval from the 
most remote point of the chamber to the sensor element or to 
the gas-sensitive layer 5. The conversion of at least one gas 
component then follows, so that the store of gas becomes 
exhausted or converted in terms of this at least one 
component, within the desired measuring interval. It is not 
necessary, however, for a complete conversion to take place; 
rather, it is sufficient for these components to no longer 
contribute significantly to the measuring signal at a specific 
point in time, or for these components to no longer disrupt 
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T 1 

the signal. In other words, the conversion must proceed for 
as long during the predetermined measuring interval that the 
concentrations of the remaining components can be precisely 
determined. 

In the embodiment illustrated here, the gas-sensitive layer 5 
is comprised of stannic oxide pellets, in other words, a 
polycrystalline semiconducting material is present. Between 
the stannic oxide pellets are potential barriers, which are 
modulated via bombardment with gases. For example, when the 
surface of the stannic oxide pellets is bombarded with air, a 
surface coating with oxygen is produced, which is temperature 
dependent. The physisorbed or chemisorbed oxygen causes a 
depletion surface layer to form on the stannic oxide pellets 
at increasing temperatures, in other words a potential barrier 
is formed between the individual crystallites. This causes 
the level of electrical conductivity to fall. 

In Figure 2a, the reaction mechanism for CO on the gas- 
sensitive layer 5 is shown, based upon current knowledge. In 
this, a CO molecule is adsorbed on the surface, where it 
reacts with a surface oxygen ion, forming a C0 2 molecule and an 
electron: 

COqas + O SU rface- ~> C0 2 gas + e 
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The C0 2 that is formed desorbs from the Sn0 2 surface, and the 
electron is donated to the Sn0 2 . This causes an increase in 
the conductivity of the Sn0 2 layer, that is, its electrical 
resistance drops. In other words, the depletion surface layer 
becomes smaller and the potential barrier is reduced. In this 
measurement process, a temperature of around 4 0 0° C is 
advantageous, since the sensitivity level is relatively high. 

In Figure 2b, the reaction mechanism for an NO molecule is 
depicted as an example. Obviously, the reaction mechanism for 
NO on the Sn0 2 layer is very similar to the reaction mechanism 
for CO. With an oxygen ion O" on the surface of the gas- 
sensitive layer, an NO molecule is adsorbed or chemisorbed, 
producing the following reaction: 

NOgas + O surface -> N0 2gas + e" 

NO and 0 2 molecules are desorbed on the surface, and the 
electrical conductivity is increased. In this measurement 
process as well, the preferred temperature range is between 
400° C and 500° C. 

In the case of N0 2 , a substantially more complex reaction 
process takes place. Figure 3a shows the reaction mechanism 
for N0 2 on the gas-sensitive layer 5, at a temperature of up to 
2 0 0° C. In this, an N0 2 molecule is adsorbed on the surface of 



- 14 - 



Translation of PCT 
International Application PCT/DEOO/01510 
Attorney Docket No. 420/50547 

the Sn0 2 layer 5, and the following binds to the surface, 
gaining an electron: 

N02gas + e" — >■ NO" 2 surface 

This causes the potential barriers on the Sn0 2 grain boundaries 
to be increased, and the electrical conductivity to decrease. 
An NO molecule is then desorbed from the surface, and an O" is 
returned to the surface: 

NO" 2 surface NO ga s + O surface 

At a higher temperature of ca. 4 00° C, a concentration- 
dependent reaction takes place. The reaction mechanism for N0 2 
at a temperature of 400° C and at lower concentrations is 
depicted in Figure 3b. The N0 2 molecule binds to the O" that 
is now present on the surface, after which NO and 0 2 molecules 
are desorbed. In this, an electron is donated to the Sn0 2 
layer, causing the electrical conductivity to increase: 

N0 2ga s + O" surface ~* NO gas + 0 2gas + e 

At higher concentrations, however, the reaction is different. 
Figure 3c depicts the reaction mechanism for N0 2 on the Sn0 2 
surface at higher concentrations and at a temperature of 400° 
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C. In this, N0 2 molecules are adsorbed, causing an electron to 
be acquired. NO then desorbs from the surface, and an O" is 
returned to the surface. The electrical conductivity is 
reduced : 

N0 2 gas + e" -> NOg as + O" surface 

Furthermore, 0 3 produces a strong effect on the measurement 
process, which influences the measuring signal substantially. 
Therein, an O" is bound to the surface of the gas -sensitive 
layer 5, and an 0 2 molecule is desorbed from the surface. This 
reaction occurs primarily along the edges of the gas-sensitive 
layer 5, or in the case of thin layers. With thicker layers, 
however, the deeper areas remain unaffected by 0 3 . In 
contrast, other molecules, such as CO, penetrate to deeper 
areas where they react with the gas -sensitive layer 5 or with 
the Sn0 2 . 

With the microchamber 7, the gas store within the chamber is 
limited. Via diffusion or flow, the 0 3 molecules present in 
the chamber 7 eventually reach the surface of the gas- 
sensitive layer 5, where they are converted to 0 2 . 

Of particular importance here is that residual 0 2 molecules 
will not disrupt the measurement, since the sensor element 
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with the gas- sensitive layer 5 will not react to the few 0 2 
molecules present . 

Below, measurements conducted on various gases will be 
described. 

Figure 4 depicts the sensor signal as a function of time in an 
ozone measurement. First, the valves 8a, 8b of the chamber 7 
(Fig. 1) are opened, in order to achieve a constant flow of 
gas within the chamber. This allows the sensor to be 
conditioned. The gas flow is comprised of synthetic air with 
30% relative humidity. This state is illustrated in Figure 4 
by the area 1. Therein, the sensor is at equilibrium with the 
surrounding, flowing air. The valves 8a, 8b are then closed, 
causing the humidity within the chamber to rise as a result of 
the heating of the chamber, as water desorbs from the chamber 
walls. The sensor signal drops and the final value is stored 
in a memory device as a calibration or zero gas value (area 
2) . The humidity reduces the electrical resistance of the Sn0 2 
layer, since the water on the Sn0 2 layer forms OH" groups, 
wherein atomic hydrogen is released, resulting in a reduction 
of the Sn0 2 layer. 

In area 3 of Figure 4, the valves 8a, 8b are reopened, causing 
the sensor to be reconditioned in the gas flow. The air 
humidity drops, and the measuring signal rises. In this area, 
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the original conditions are reproduced. The area 4 depicts 
the addition of ozone (50 ppb) to the gas flow. 

Now, the valves 8a, 8b are again closed (area 5) . The actual 
measurement is conducted. In the chamber 7 a no- flow 
situation prevails, and the humidity within the chamber 
increases due to the heating of the chamber, as a desorption 
of H 2 0 from the chamber walls takes place. The sensor signal 
drops, and the ozone in the chamber breaks down to 0 2 . This 
slight increase in 0 2 concentration is not recognized by the 
sensor. Thus the sensor signal S in the area 5 achieves the 
same final value as in area 2. Then, in area 6, the valves 
are reopened, the original conditions are reproduced. What is 
decisive in this measurement process is that the sensor no 
longer recognizes the 0 3 after a certain period of time, which 
is a function of the chamber volume and the concentration of 
0 3 . Hence, the measuring signal is no longer affected by the 
0 3 after a certain period of time. 

Figure 5 depicts an N0 2 measurement. In comparison with an 0 3 
measurement, which is depicted in Figure 4, here the sensor 
signal does not drop back down to the original value in area 
5. Here, N0 2 desorbs as NO and 0 2 from the stannic oxide 
surface, which is oxidized to a higher valency in the sealed 
measuring chamber 7, back to N0 2 , since the chemical 
equilibrium at near room temperature is N0 2 or N 2 0 4 - The 
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magnitude of the offset in area 5 is a measurement of the N0 2 
concentration in the sealed measurement chamber 7. 

The ozone concentration or the N0 2 concentration is determined 
by adjusting a function to fit the measuring signal, and 
comparing this with values in a reference table. The 
measuring signal follows an e'function of the form S=A + B x 
EXP (t/tau) . If this function is adjusted to fit the 
measuring signal, then the end value that will be established 
after an infinitely long period of time is obtained. The 
signal value obtained in this manner is assigned to an ozone 
concentration using a reference table. 

With the N0 2 measurement in Figure 5, the reference value from 
area 2 is derived from the calculated final value from area 5. 
This value is then also assigned an N0 2 concentration using a 
reference table. 

Figure 6 depicts the measuring signal for both a pure N0 2 
measurement and an 0 3 measurement, as well as a measurement 
conducted using a gas mixture comprised of N0 2 and 0 3 . Herein, 
it is clear that with the combined addition of N0 2 and 0 3 the 
sensor signal follows the course of the N0 2 measurement. Hence 
it follows that the percentage of N0 2 can be determined from 
the mixed signal in the no- flow situation. From the composite 
signal in the flow situation, with a low N0 2 concentration, the 



- 19 - 



Translation of PCT 
International Application PCT/DEOO/0 1510 
Attorney Docket No. 420/50547 

ozone concentration can be deduced directly, since the 
response of the sensor to ozone is much greater than its 
response to N0 2 . With higher N0 2 concentrations, the ozone 
concentration is calculated using the measured N0 2 
concentration . 

Figure 7 depicts the sensor sensitivity as a function of the 
concentrations of various gases. Herein, it is clear that the 
sensitivity to ozone outweighs the sensitivity to all other 
gases . For signal evaluation this means that two cases must 
be differentiated. With ozone concentrations that are greater 
than 100 ppb, the measuring signal can be interpreted 
directly as an ozone signal. However, for concentrations that 
are below 100 ppb, the ozone signal must be corrected by the 
N0 2 component, as this gas produces the next highest effect on 
the sensor. The correction is made using the N0 2 value that is 
obtained via the no- flow measurement. 

Gases like CO and CH 4 can be completely converted to C0 2 and 
H 2 0. Therein, C0 2 produces no effect on the measuring signal, 
and the resulting quantity of H 2 0 at low CH 4 concentrations is 
too small to produce an effect on the measuring signal. If, 
during the measurement process, gases should appear that have 
not been tested, but that could distort the measurement 
results, suitable filters are selected, such as are 
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customarily used in gas -sensor technology, and are known to 
experts in the field. 

The example illustrated in Fig. 8 shows a measurement of a gas 
in which nitrous oxide and 0 3 molecules are present. By 
opening the valves 8a, 8b, the measuring chamber 7 is filled 
via the gas lines 9 with the gas that is to be analyzed. 

With the heater 3, the gas-sensitive layer 5 is brought to a 
predetermined measuring temperature, or is held at this 
temperature if it has already been heated. The measuring 
temperature in this case is 400° C. The electrical resistance 
of the gas-sensitive layer 5 is measured via the contact 
electrodes 6a, 6b. 

Fig. 8 shows the measuring signal S as a function of time t. 
At the start of the measurement, the signal S remains nearly 
constant, but increases sharply at time tl, and reaches a 
maximum level at time t2 . This is followed by a relatively 
rapid drop in the signal S, and at time t3 it reaches a nearly 
constant value. At the start of the measurement, the 
measuring signal is determined mainly by the amount of 0 3 
present, in other words the effects of the nitrous oxide are 
completely masked. The sharp increase of the signal S up to 
time t2 is based upon the above-described reaction of the 0 3 
molecules on the Sn0 2 surface. However, because the store of 0 3 
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molecules in the chamber 7 is limited, and the 0 3 molecules are 
eventually converted, a reduction of the measuring signal or 
the ohmic resistance in the Sn0 2 layer now occurs, that is, 
after time t2 . At time t3, the signal is then completely or 
almost entirely unaffected by 0 3 , and the signal value S at 
time t3 is characterized substantially by the concentration of 
the nitrous oxide or NO that is present. From this, the 
concentration of the nitrous oxide in the gas mixture can be 
determined, without influence by 0 3 . 

Depending upon the purpose of the measurement or upon the 
established requirements, several sensor elements may also be 
arranged with gas-sensitive layers 5 in the chamber 7. These 
can, for example, be operated at different measuring 
temperatures, so that in the above-described manner the 
measurement of different gas components at time t3 can be 
determined. It is also possible to determine the 

concentration of different gas components via comparison with 
measured values at known concentrations. Herein, the measured 
value is applied at a time in which the 0 3 components, or at 
least one component, has been completely or nearly completely 
converted, so that the remaining measuring signal 
characterizes the concentrations of the remaining components. 

Figure 9 depicts a preferred embodiment of a gas sensor system 
in accordance with the present invention. Herein, two 
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semiconducting gas sensors 10a, 10b are arranged parallel to 
one another within a system of gas lines 90. The 
semiconducting gas sensors 10a, 10b were described above. Via 
regulated valves 80, the measuring chambers 7 0a, 7 0b of the 
semiconducting gas sensors 10a, 10b may be filled. The 
chambers 70a, 70b can be filled with gas and sealed 
individually based upon requirements or upon the intended 
measurement . 

Figure 10 depicts the conversion rate of ozone under no-flow 
conditions as a function of various ozone concentrations. 
Recorded here is the reaction rate, expressed via the gradient 
of the measuring curve, against various ozone concentrations. 
In a large measuring chamber, no conversion of ozone takes 
place within a reasonable interval of time. A small chamber 
size results in ozone conversion, and a further reduction of 
the volume increases the conversion rate. 

In order to minimize the dead volume within the chamber 7 or 
the chambers 70a, 70b, flange-type valves are used. The gas 
flow system in the preferred embodiments is made of polyether 
etherketone (PEEK) . This material is especially resistant to 
the gases described here. The gas flow system is implemented 
via specially designed bores in a plate or in a carrier 
material, which serves to further minimize the dead volume. 
The particular advantages of this design are the small chamber 
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volume and the possibility of a measurement conducted in a no- 
flow situation within a particularly small chamber volume. By 
producing the chamber from silicon using micromechanical 
technology, the volume can be made extremely small, enabling 
simple methods of production and maintenance, and resulting in 
a considerable decrease in cost. 
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Patent Claims 



1. Semiconducting gas sensor (10; 10a, 10b) with a gas- 
sensitive layer (5) whose electrical conductivity can be 
adjusted via contact with a gas, a heater (3) for heating the 
layer (5) to a predefined measuring temperature, contact 
electrodes (6a, 6b) for measuring the electrical resistance or 
the conductivity of the gas -sensitive layer (5) , and a chamber 
(7) in which the gas -sensitive layer (5) is arranged, 
characterized in that the chamber can be sealed from the 
outside, and in that the volume of the chamber (7) is small 
enough that at least one component of the gas or gas mixture 
inside the chamber is largely exhausted via conversion within 
a predetermined measuring interval . 

2. Semiconducting gas sensor in accordance with Claim 1, 
characterized by a device for regulating the heating of the 
gas-sensitive layer (5) in stages, so that individual 
components of the gas can be selectively converted at 
predetermined measuring temperatures. 

3. Semiconducting gas sensor in accordance with Claim 1 or 2 , 
characterized in that it is or can be produced using 
micromechanical technology. 
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4. Semiconducting gas sensor in accordance with claims 1 
through 3, characterized in that the heater (3) is a platinum 
heating resistor which is arranged in a meandering pattern. 

5. Semiconducting gas sensor in accordance with Claims 1 
through 4, characterized by a passivating layer (4) positioned 
between the heater (3) and the gas-sensitive layer (5) , and 
made of Si0 2 . 

6. Semiconducting gas sensor in accordance with Claims 1 
through 5, characterized in that the contact electrodes (6a, 
6b) are made of platinum. 

7. Semiconducting gas sensor in accordance with Claims 1 
through 6, characterized by a silicon substrate as the carrier 
(1) and a nitride membrane (2) , which separates the heater (3) 
from the carrier (1) . 

8. Semiconducting gas sensor in accordance with Claims 1 
through 7, characterized in that the gas-sensitive layer is 
made of Sn0 2 , W0 3 , titanium oxide, or organic materials such as 
phthallocyanine . 

9. Semiconducting gas sensor in accordance with Claims 1 
through 8, characterized in that it is configured for 
measuring concentrations of CO, IST0 2 , NO, and/or 0 3 . 
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10. Semiconducting gas sensor in accordance with Claims 1 
through 9, characterized in that the chamber (7) is or can be 
made of silicon. 

11. Semiconducting gas sensor in accordance with Claims 1 
through 10 , characterized in that the chamber volume measures 
0.05 to 10 cm 3 , preferably 0.3 to 0.7 cm 3 , and most preferably 
approx . 0.5 cm 3 . 

12. Gas sensor system, characterized by several semiconducting 
gas sensors in accordance with Claims 1 through 11, an 
arrangement of regulated valves (80) , and lines (90) for the 
inlet and outlet of gas . 

13. Gas sensor system in accordance with Claim 12, 
characterized in that the semiconducting gas sensors (10a, 
10b) are arranged in a parallel connection. 

14. Gas sensor system in accordance with Claim 12 or 13, 
characterized in that the valves (80) can be controlled 
individual ly . 

15. Method of gas analysis with a semiconducting gas sensor, 
comprising the following steps: preparing a semiconducting 
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gas sensor (10; 10a, 10b) with a gas-sensitive layer (5) in a 
sealable chamber (7; 70) ; 

filling the chamber (7; 70) with a gas or gas mixture that is 
to be analyzed, and sealing the chamber; 

heating the gas-sensitive layer (5) in the semiconducting gas 
sensor (10; 10a, 10b) and/or holding the gas-sensitive layer 
at a predetermined measuring temperature; examining a 
measuring signal which is a function of the electrical 
conductivity of the gas-sensitive layer (5) , at a time at 
which at least one component of the gas has been exhausted via 
conversion within the chamber to the point at which it no 
longer supplies any significant contribution to the measuring 
signal; and 

determining the content of at least one remaining gas 
component from the remaining measuring signal . 

16. Method in accordance with Claim 15, characterized in that 
the measuring signal is examined as a function of time, and 
the measurement is used at least two different times to 
determine the gas components. 

17. Method in accordance with Claim 15 or 16, wherein the 
concentration of at least one gas component is determined from 
the maximum peak of the measuring signal and its subsequent 
drop . 
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18. Method in accordance with Claims 15 through 17, wherein 
the measuring temperature lies within a range of 20° C to 550° 
C, preferably within a range of 50° C to 400° C, and most 
preferably within a range of approx. 20 0° C and/or 4 0 0° C. 

19. Method in accordance with Claims 15 through 18, wherein 
the heating is gradual, and measurements are taken at 
different measuring temperatures. 

20. Method in accordance with Claims 15 through 19, 
implemented using a semiconducting gas sensor in accordance 
with one of Claims 1 through 11 and/or a gas sensor system in 
accordance with Claim 13 or 14. 
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COMBINED DECLARATION FOR PATENT APPLICATION AND 
POWER OF ATTORNEY 

(includes Reference to PCT International Applications) 



ATTOKKEVS DOCKET NUMSgR 

420/50547 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated below next to my name. 



I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is chimed and for which a patent is sought on the invention entitled: 



SEMICONDUCTING GAS SENSOR, GAS SENSOR SYSTEM, 
AND METHOD OF GAS ANALYSIS 

the specification of which, (chock only one item below): 

[ ] is attached hereto. 

[ ] was filed as United States application 
Serial No. 
on 

And was amended 

on _______ (if applicable), 

[X] wag filed as PCT international application 
Number PCT/DE00/01510 
on l2Mav20Q0fl2.Q5.0(n 
and was amended under PCT Article 19 
on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to the examination of this application in 
accordance with Title 37 s Code of Federal Regulations, §1.56(a), 

I hereby claim foreign priority benefits under Title 35, United State Code, §1 19 of any foreign application^) for 
patent or inventor's certificate or of any PCT international application^) designating at least one country other than 
the United States of America listed below and have also identified below any foreign application^) for patent or 
inventor's certificate or any PCT international application^) obsignating at least one country other than the United 
States of America filed by me on the same subject matter having a filing date before that of the application^) of 
which priority is claimed: , . ^ 



PRIOR FOREIGN/PCT APPLICATIONS) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C 119: 



COUNTRY 
(if PCT indicate POT 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY CLAIMED 
UNDER 35 USC 119 


GERMANY 


199 24 906.7 


31,05.99 (31 May 1999) 


[X] Yes [ ] No 








■ [ ] Yes [ ] No 








[ ] Yes [ ] No 








[ ] Yes [ ] No 








C ] Yes I ] No 
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I hereby claim the benefit under Title 35, United States Code, §120 of any United States application^} or PCT international applications) 
designating the United States of America that is/are listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in tJisfc'those prior application^) in the manner provided by the first paragraph of Title 35, United States Code, §112, 1 acknowledge the 
duty to disclose material infounation as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between tire filing date of the 
prior application^) and the national of PCT international filing date of this application: 



PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S-C 120 



U,S. APPLICATIONS 



STATUS {Check one) 



U.S. APPLICATION 
NUMBER 



U.S. FILING DATE 



patented 



PENDING ABANDONED 



PCT APPLICATIONS DESIGNATING THE U.S. 



PCT APPLICATION 
NO 



PCT FILING 
DATE 



U.S. SERIAL NUMBERS ASSIGNED (3F 
ANY) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following auorncy<s) and/or agents) to prosecute this application and 
transact all business in the Patent and Trademark Office connected therewith. (List name and registration number) 

Herbert I Cantor, Reg- No*J&J22; James £ McKeown, Reg. No. 3&3£&\ Donald D Evenson, Reg. N o, 26,160 ; Joseph D. Evans, Reg. No. 
j^269; Gary R. Edwards, Reg. No^^Ugfjond Jeffrey D, Sanok, Reg. N o. 32,169 



Send Correspondence to: 
Crowe} j &Moring, L.L.P.. 



"Washington* D.C. 20044-4300 



Direct Telephone Calls to; 
(name and telephone wtnber) 

(202)624-2500 



201 



PULL NAME 
OF INVENTOR 



RESIDENCE & 
CITIZENSHIP 



POST OFFICE 
ADDRESS 



FAMILY NAME"""" 
BECKER 



CITY 
Ottobrunn 



POST OFFICE ADDRESS 
Fntzbrunnor Strnsse 26 



FIRST GIVEN NAME 
Tiiomoi 



SECOND GIVEN NAME 



STATE OR FOREIGN COUNTRY 
Gcrmnay 



COUNTRY OF CITIZENSHIP 
Germany 



CITY 
Ottobrunn 



STATE & ZIP CODE/COUNTRY\ 
D-85521 GERMANY 



FULL NAME 
OF INVENTOR 



FAMILY NAME 
MUEHLBERGEJI 



FIRST GIVEN NAME 
Srephan 



SECOND GIVEN NAME 



a) 



202 



RESIDENCES 
CITIZENSHIP 



CITY 

RoitSmWlnkl 




STATE OR FOREIGN COUNTRY 
Germany 



COUNTRY OF CITIZENSHIP 
Germany 



POST OFFICE 
ADDRESS 



POST OFFICE ADDRESS 
Blindnuer 5tr.!2 



CITY 

RcitimWInki 



STATE & ZIP CODE/COUNTRY 
D-83242 GERMANY 



FULL NAME 
OF INVENTOR 



FAMILY NAME 
MUELLER 



FIRST GIVEN NAME 
Gerhard 



SECOND GIVEN NAME 



w 



203 



RESIDENCE & 
CITIZENSHIP 




STATE OR FOREIGN COUNTRY 
Germany 



COUNTRY OF CITIZENSHIP 
Germany 



POST OFFICE 
ADDRESS 



POST OFFICE ADDRESS 
Sndetonstpflssc 126 



CITY 
Gracing 



STATE & ZIP CODE/COUNTRY 
D-SS567 GERMANY 



I hereby declare that all statements mode herein of my own knowledge are true and that all statements made on information and belief are believed 
to be true: and fttriher that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment or both, under section 1001 of Title 1 8 of the United States Code, and that such willfijl false statements may jeopardize the 
validity of the application or any patent issuing thereon. 




OR 201 



SIGNATURE OF INVENTOR 202 



SIGNATURE OF INVENTOR 203 




DATE 



Date 
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